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(54) SHOCK ABSORBING MEMBER, AUTOMOBILE INTERIOR MEMBER AND AUTOMOBILE 
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(57) The invention relates to a shock absorbing 
member used in an automobile interior member, espe- 
cially an automobile door trim or the like because it is 
excellent in appearance, weight reduction, rigidity and 
shock absorbing property, has a simple structure and is 
excellent in economics. It is a shock absorbing member 



which is an integrally molded product comprising a plate 
portion and lattice-form ribs on a reverse surface of the 
plate portion and made of a fiber-containing thermoplas- 
tic resin, a porosity of the plate portion being 5 to 90 %. 
Specifically, it is formed of a polypropylene resin having 
a glass fiber content of 1 0 to 60 % by weight and a weight 
average fiber length of 1 to 20 mm. 
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Description 

Technical Field 

[0001] The present invention relates to a shock ab- 
sorbing member which is used in an automobile interior 
member, especially an automobile door trim or the like, 
which is excellent in appearance, weight reduction, ri- 
gidity and shock absorbing property and which has a 
simple structure and is excellent in productivity and eco- 
nomics. 

Background of the Invention 

[0002] In recent years, the increase in strength of a 
car body, installation of an airbag and the like have been 
attempted for improvement of safety against collision in 
automobiles. Further, in view of energy saving, environ- 
mental problems and the like, the reduction of a fuel con- 
sumption rate has been the most important matter, and 
the weight reduction of automobiles has been earnestly 
demanded to solve these problems. For the weight re- 
duction of automobiles, conversion of metals to resins 
has been rapidly carried out in respective parts. In these 
automobile parts, thermoplastic resins such as a poly- 
propylene resin and the like have been often used in- 
stead of ordinary fiberglass-reinforced thermosetting 
resins (FRP) from the aspects of recycling property, uni- 
fication of materials and the like in addition to moldabil- 
ity, strength, rigidity and the like. 
[0003] The weight reduction of automobile parts has 
been strictly required day by day, and attempts have 
been made to decrease the thickness of a molded prod- 
uct for the weight reduction of a molded product. In order 
to decrease the thickness of a molded product, it is how- 
ever necessary to improve properties inherent in a resin, 
such as strength , rigidity and the like and also melt flow- 
ability. To this end, a large number of methods have 
been proposed in which for improving strength, rigidity 
and the like of a polypropylene resin, reinforcing agents 
such as other thermoplastic resins, thermoplastic elas- 
tomers, glass fibers and the like, and fillers such as talc 
and the like are added. 

[0004] In recent years, with respect to the improve- 
ment of safety against collision in automobiles, high-lev- 
el safety for protecting passengers has been increas- 
ingly demanded on ordinary head-on collision and also 
collision from the side (side collision). For securing safe- 
ty of passengers against the side collision of automo- 
biles, a door is the most important construction part. 
[0005] The door trim has been so far mainly molded 
by injection molding using a polypropylene resin or the 
like. And, in order to cushion shock caused by side col- 
lision of automobiles, a shock-absorbing member is 
mounted between a door middle panel and a door trim. 
For example, (1) Japanese Pat nt Laid-Open No. 
69,780/1993 indicates a product in which a hollow and 
particulate energy absorber undergoing plastic defor- 



mation or brittle fracture is inserted into a trim substrate. 
Further, (2) Japanese Utility Model Registration No. 
259,345 indicates a vehicle door panel having a foam 
layer with cushioning property formed on a reverse sur- 

5 face of a skin material. 

[0006] Further, (3) Japanese Patent Laid-Open No. 
164,740/1 996 discloses an automobile door trim which 
covers a door inner panel on a waist portion of a vehicle 
door along the same, which is constructed of a hollow 

w body molded by blow molding, in which a foam obtained 
by injecting a foaming resin as a raw material into one 
side of the hollow body partitioned with a wall and foam- 
ing the same acts as a shock-absorbing portion. Still fur- 
ther, (4) Japanese Patent Laid-Open No. 11,829/1997 

is proposes that a vehicle interior member (shock absorb- 
ing member) comprising a middle partition plate made 
of a synthetic resin and lattice-form ribs made of a syn- 
thetic resin and integrally raised outwardly from both 
sides of the middle partition plate is inserted between a 

20 door middle panel and a door trim. 

[0007] The method (4) is said to be excellent in pro- 
ductivity as compared with (1 ) to (3) because production 
is easy and assembling is labor-saving. However, the 
vehicle interior member having the lattice rib has to be 

25 injection-molded separately. In addition, a step of insert- 
ing the same between the door middle panel and the 
door trim or the like is needed. Thus, productivity is not 
altogether high. 

[0008] Moreover, (5) Japanese Patent Laid-Open No. 
30 66,981/1 996 or the like naturally proposes that an auto-, 
mobile interior member having lattice-form ribs is inte- 
grally molded on a plate which is an automobile door 
trim body. However the automobile door trim body is a 
thin plate molded article. When the lattice rib is injection- 
35 molded thereon using an integral mold, the thickness of 
the lattice portion is increased. Thus, cooling of the por- 
tion on which the lattice is formed is delayed, and sink- 
mark occurs on the surface of the door trim to worsen 
the appearance. 
40 [0009] Accordingly, it can hardly be put to practical 
use as an automobile interior member. As a result, in 
case of (4) or (5), there was no choice but to employ a 
method in which a door trim and a shock absorbing 
member are produced substantially separately and 
45 these are assembled. Further, in order to prevent occur- 
rence of sinkmark, it is one of selection methods that a 
thickness of a flat portion of a door trim is increased. 
However, this is against weight reduction and energy 
saving. A shock absorbing member having excellent ap- 
50 pearance without occurrence of sinkmark while main- 
taining weight reduction, especially an automobile inte- 
rior member such as a door trim or the like has been in 
demand. 

[0010] The invention is to provide a shock absorbing 
55 member which can be utiliz d as an automobile interior 
member such as an automobile door trim or the like, 
which is lightweight and of simple structure, which can 
cope with side collision and is excellent in productivity 
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and which can markedly r due the number of parts and 
save labor in a step of assembling a door. 

Disclosure of the Invention 

[001 1] Under these circumstances, the present inven- 
tors have assiduously conducted investigations on 
weight reduction, a molding material, a molding method 
and safety against side collision of an automobile door 
trim or the like, and have consequently found that an 
integrally molded shock absorbing member having ex- 
cellent appearance without occurrence of sinkmark and 
warpage is obtained by employing a specific structure. 
This finding has led to the completion of the invention. 
[0012] That is, the invention is: 

(1 ) A shock absorbing member which is an integral- 
ly molded product comprising a plate portion and 
lattice-form ribs on a reverse surface of the piate 
portion and formed of a fiber-containing thermo- 
plastic resin, an average porosity of the plate por- 
tion being 5 to 90 %. 

(2) The shock absorbing member recited in (1), 
wherein the fiber content is 10 to 60 % by weight, 
and the weight average fiber length is 1 to 20 mm. 

(3) The shock absorbing member recited in (1) or 

(3) , wherein the thickness of the lattice rib is 0.5 to 
3 mm, the lattice spacing is 10 to 80 mm, and the 
height is 5 to 100 mm. 

(4) The shock absorbing member recited in any of 
(1) to (3), wherein the fibers are glass fibers, and 
the thermoplastic resin is a polypropylene resin. 

(5) The shock absorbing member recited in any of 
(1) to (4), which is obtained by injection -molding a 
resin molding material comprising fiber-reinforced 
thermoplastic resin pellets having a total length of 
3 to 100 mm and containing 10 to 90 % by weight 
of fibers having a length identical to this total length 
and arrayed in parallel with one another. 

(6) An automobile interior member formed of the 
shock absorbing member recited in any of (1 ) to (5). 

(7) An automobile door trim formed of the shock ab- 
sorbing member recited in any of (1) to (5). 

Brief Description of the Drawings 

[0013] 

[0014] Fig. 1 is a partial sectional front view showing 
an mbodiment of a shock absorbing member of the in- 
vention. 

[0015] Fig. 2 is a sectional view taken along line X-X 
of Fig. 1. 

[0016] Fig. 3 is a conceptual sectional view of an au- 
tomobile door having an embodiment of an automobile 
door trim of the invention inserted therein. 
[0017] Fig. 4 is a conceptual sectional view showing 
an example of an ordinary automobile door having a 
shock absorbing member and a door trim inserted as 



separat members. 

[0018] Fig. 5 is a conceptual view of a main part of a 
mold for molding a shock absorbing member, showing 
a fiber-containing molten resin when injection-filled. 

5 [0019] Fig. 6 is a view when a step of inflation by wid- 
ening a mold cavity is completed. 
[0020] Further, in the drawings, numerals indicate the 
following. 1 is a shock absorbing member 2 a plate por- 
tion, 3 a lattice-form rib, 4 an outer peripheral wall, 11 

io an automobile door trim, 12 a plate portion, 13 alattice- 
f orm rib, 1 4 an outer peripheral wall , 1 5 an ordinary door 
trim, 1 6 an ordinary shock absorbing member, 1 7 a door 
middle panel, 18a door outside panel, 19a door glass, 
21 a fixed mold, 22 a movable mold, 23 a spacer, 24 a 

is spring, 25 an injection nozzle, 26 a hot runner, 27 a gate, 
28 a mold cavity, 29 a plate portion, 30 a lattice-form rib, 
31 a gas injection tube, 32 a gas exhaust tube, and 33 
a shock absorbing member. 

20 Best Mode for Carrying Out the Invention 

[0021] The invention is described in detail below. 
[0022] The shock absorbing member of the invention 
is, in view of occurrence of sinkmark and warpage. one 
25 which can be integrally molded using a fiber-containing 
thermoplastic resin instead of a combined structure 
comprising a plate portion and a molded product having 
lattice-form ribs mounted on a reverse surface of the 
plate portion. 

30 [0023] The shock absorbing member of the invention 
is described below by referring to the drawings. 
[0024] As is clear from Fig. 4, in an ordinary automo- 
bile door system, a door glass 19 which is vertically 
moved between a door outside panel 1 8 and a door trim 

35 1 5 is mounted, and the door trim 1 5 is installed on a door 
middle panel 1 7 inside the door glass 1 9 to construct an 
automobile inner member The door middle panel 1 7 is, 
like the door outside panel, made of a metal. Thus, it is 
a heavy panel, and serves also as an installation panel 

40 of a functional member having a lifting function of the 
door glass 1 9. 

[0025] In the ordinary automobile door system, a 
shock absorbing member 1 6 in which a plate portion and 
lattice-form ribs are integrated is mounted between the 
door middle panel 1 7 and the door trim 1 5 to cope with 
accidents of side collision. As the shock absorbing 
member, there are a molded product having lattice-form 
ribs as shown in the drawing, a product made of a resin 
foam and the Hke. 

[0026] Thus, in the ordinary automobile door trim, an- 
yway, the door trim made of the resin was installed on 
the door middle panel made of the metal, and the shock- 
absorbing member was additionally combined to cope 
with the side collision. Forthis reason, the weight reduc- 
55 tion as the automobile door is limited. Further, produc- 
tion, storage, transportation, assembly and step control 
of members are intricat . A better automobile door sys- 
tem has been in demand from the aspects of energy 
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saving and labor saving. 

[0027] The shock absorbing member of the invention, 
as shown in Figs. 1 and 2, is an integrally molded prod- 
uct comprising a plate portion 2 and a lattice-form rib 3 
and formed of a fiber-containing thermoplastic resin. It 
is a shock absorbing member in which an average po- 
rosity of the plate portion 2 is 5 to 90 %, preferably 10 
to 80 %, more preferably 20 to 70 %. That is, it is an 
excellent shock absorbing member in which strength 
and rigidity are secured by using a thermoplastic resin 
containing fibers such as glass fibers or the like and 
pores of the plate portion eliminate the decrease in ap- 
pearance or dimensional stability caused by occurrence 
of sinkmark ascribable to delay of cooling due to a thick 
cross rib portion and warpage deformation of the plate 
portion. 

[0028] In the shock absorbing member of the inven- 
tion, the size of each portion, the shape and the size of 
the lattice rib, the porosity of the plate portion and the 
lik can optionally be determined according to the use, 
the size and the required properties of the shock absorb- 
ing member. Figs. 1 and 2 show an example in which 
the shock absorbing member has a box shape, an outer 
wall 4 is present on the outer peripheral portion and the 
plate portion is a flat plate. However, it may have a shape 
that the outer peripheral portion is deeper or shallower 
than the lattice rib, an outer wall is partially absent or a 
cap portion is provided. Further, the plate portion may 
have an optional surface such as a curved surface, a 
roughened surface, a wavy surface or the like according 
to the decorative surface of the shock absorbing mem- 
ber. In the plate portion, the thickness (D) of the main 
part is usually 1 to 30 mm, preferably 1 .5 to 20 mm. 
[0029] Next, in the lattice rib, the shape between lat- 
tices is a square shape, a rectangular shape, a rhombic 
shape or a combination of these shapes. The height (H) 
of the lattice rib is 1 0 to 60 mm, preferably 1 5 to 50 mm, 
and the thickness (T) of the rib is 0.5 to 3 mm, preferably 
1 to 2.5 mm. These lattice ribs 3 are preferably tapered 
from a root 3a to an end 3b in view of releasability from 
a mold and appropriate buckling property of a rib cross 
portion. Further, a lattice spacing (W.L) of the lattice rib 
3 is not particularly limited. It is 1 0 to 80 mm, preferably 
1 5 to 60 mm. I ncidentally, on the outer peripheral portion 
of the molded product within the lattice rib, a reinforcing 
wall which can be molded using a slide core and which 
is normal to the rib, namely, approximately parallel to 
th plate portion may be provided. 
[0030] Since the shock absorbing member of the in- 
v ntion can be molded by injection-molding, the thick- 
ness of the plate portion, the thickness of the lattice rib, 
the height of the lattice rib, the shape and the spacing 
of the lattice rib which are the sizes of the respective 
portions of the shock absorbing member can be 
changed in the respective portions of the plate portion 
as required according to the use purpose of the shock 
absorbing memb r. Further, the porosity of the plate por- 
tion may also have a distribution. 



[0031] The shock absorbing member of the invention 
is used in various fields. It is preferably used in an au- 
tomobile interior 1 member of which the appearance is 
deemed important, such as a door trim, a pillar, a side 

5 garnish or the like, especially in a door trim. As is clear 
from Fig. 4, in the ordinary automobile door system, the 
door trim 15 and the shock absorbing member 16 were 
separately molded, and integrated by secondary 
processing with a bonding material or a fitting. 

io [0032] Meanwhile, in the door trim 11 of the invention, 
the ordinary door trim 15 and shock absorbing member 
16 are integrally molded by injection molding. For this 
reason, the secondary processing step for bonding is 
dispensed with, the weight reduction of the overall door 

is trim is achieved, and the amount of the resin used is 
also decreased. A member made of a metal can also be 
inserted, as required, in the outer peripheral portion of 
the door trim 1 1 for installation in the door middle panel 
17. 

20 [0033] The thermoplastic resin used in the invention 
is not particularly limited. For example, polyolefin resins 
such as polypropylene, a propylene-ethylene block co- 
polymer, a propylene-ethylene random copolymer, high- 
density polyethylene and the like, styrenic resins such 

25 as polystyrene, rubber-modified impact-resistant poly- 
styrene, polystyrene having a syndiotactic structure, 
ABS resin, AS resin and the like, a polyvinyl chloride 
resin, a polyamide resin, a polyester resin, a polyacetal 
resin, a polycarbonate resin, polyphenylene sulfide, an 

30 aromatic polyether or polythioether resin, an aromatic 
polyester resin, a polystyrene resin, an acrylate resin 
and the like can be employed. The thermoplastic resins 
herein can be used singly, and may be used in combi- 
nation. 

35 [0034] Of these thermoplastic resins, polypropylene 
resins such as polypropylene, a propylene-ethylene 
block copolymer and the like, polyamide resins such as 
polyamide 6, polyamide 66 and the like, polyester resins 
such as polyethylene terephthalate, polybutylene 

^0 terephthalate and the like are preferable. 

[0035] It is preferred that these thermoplastic resins 
contain resins modified with unsaturated carboxylic ac- 
ids such as maleic anhydride, fumaric acid, methacrylic 
acid and the like or derivatives thereof. Examples of the 

45 modified resins can include a polyolefin resin such as a 
polypropylene resin, a polyethylene resin or the like, a 
polyolefin elastomer and a polystyrene resin. The 
amount of the unsaturated carboxylic acid or its deriva- 
tive in the modified resin is usually 0.01 to 10 % by 

50 weight. Further, the amount of the modified resin in the 
thermoplastic resin is usually 0.5 to 20 % by weight. 
[0036] Next, the fibers used in the invention are not 
particularly limited, and are selected from various fibers 
having swelling property in melt kneading. Examples 

55 thereof include inorganic fibers such as glass fibers, car- 
bon fibers and the like, metallic fibers such as copper 
fibers, brass fibers, ste I fibers, stainless fibers, alumi- 
num fibers, aluminum alloy fibers, titanium alloy fibers 
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and the like, ceramic fibers such as boron fib rs, silicon 
carbide fibers, alumina fibers, silicon titanate fibers, zir- 
conia fibers and the like, aromatic fibers such as aramid 
fibers, polyoxymethylene fibers, aromatic polyester fib- 
ers, polyamide fibers, polyary late fibers, polyphenylene 
sulfide fibers, polysulfone fibers, ultrahigh-molecular- 
weight polyethylene fibers and the like, and so forth. By 
the way, these fibers can also be, for example, a com- 
bination of two or more types of inorganic fibers and or- 
ganic fibers. 

[0037] These fibers can be selected, as required, ac- 
cording to characteristics required as the shock absorb- 
ing member. Of these, the glass fibers, the carbon fibers, 
the metallic fibers and the like are preferable because 
they are excellent in strength, rigidity and heat resist- 
ance, are long fibers and make easy the draw-molding 
by dipping in a molten resin. The glass fibers are used 
especially preferably. 

[0038] First, in the shock absorbing member formed 
of the fiber-containing thermoplastic resin, the fiber con- 
tent is preferably 1 0 to 60 % by weight, more preferably 
15 to 50 % by weight, and the weight average fiber 
length is preferably 1 to 20 mm, more preferably 2 to 1 5 
mm. When the fiber content herein is less than 10 % by 
weight, strength and rigidity are insufficient. Further, 
sw Ming property given by inflation-molding is some- 
times decreased, which makes it difficult to provide the 
porosity of the plate portion. When it exceeds 60 % by 
weight, melt flowability in molding is sometimes de- 
creased. Further, sometimes, appearance is decreased 
orthe fiber-containing thermoplastic resin is hardly filled 
in the end of the lattice rib. It is therefore preferred to 
select the foregoing range. 

[0039] Next, when the weight average fiber length is 
less than 1 mm, the weight reduction by securing pores 
which is the characteristic feature of the invention and 
the inflation moldability for an effect of preventing occur- 
rence of sinkmark and warpage are decreased, and it is 
also unwanted in view of strength. Further, when it ex- 
ceeds 20 mm, the melt flowability is decreased, and the 
kneading within a melt-kneading cylinder is unsatisfac- 
tory to decrease uniformity of the molded product. Con- 
sequently, non-uniformity of swelling and poor appear- 
ance tend to occur. Accordingly, it is advisable to select 
a molding material and molding conditions that provide 
the weight average fiber length within the foregoing, 
range. By the way, the weight average fiber length can 
be measured with a digitizer using an image obtained 
by, in case of glass fibers, ashing a part of a molded 
product and directly photographing the resulting product 
through a universal projector with 10 x magnification. 
[0040] In the shock absorbing member of the inven- 
tion, the average porosity of the plate portion is, as noted 
earlier, 5 to 90 %, preferably 1 0 to 80 %. The substantial 
characteristic feature of the shock absorbing m mber of 
the invention is that the plate portion contains pores. The 
pores can prevent occurrence of sinkmark in a position 
corresponding to a rib on the surface of the plate portion 
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and occurrence of warpage of the plate portion. Be- 
sides, occurrence of the pores is ascribable to recovery 
of entanglement of the fibers contained, not to a foaming 
agent. Thus, there is no phenomenon of poor appear- 

5 ance which is caused by silver generated owing to leak 
of a gas formed from a foaming agent on a surface of a 
molded product. The presence of the pores is attained 
by, as mentioned above, a molded product containing 
10 to 60 % by weight of fibers (glass fibers) having a 

10 weight average fiber length of 1 to 20 mm. This is pro- 
vided by a combination of selection of a molding material 
and employment of a molding method as will be de- 
scribed later. 

[0041] Accordingly, the shock absorbing member of 

15 the invention is improved as a whole in bending proper- 
ties and shock resistance properties with the same 
weight in comparison with a member free of pores. That 
is, the weight of the shock absorbing member can be 
more reduced to obtain the same bending strength and 

20 the like. Further, the heat resistance and the dimension- 
al stability to heat are also satisfied by the selection of 
the fibers. Although the weight reduction and these 
strength characteristics are usually inconsistent, they 
are rendered consistent, and the bending properties per 

25 unit weight are markedly improved as compared with or- 
dinary materials, thereby making it possible to contrib- 
ute toward the weight reduction of automobiles by ap- 
plying to an automobile interior member. 
[0042] A process for producing the shock absorbing 

30 member of the invention is described in detail below 
along with the molding material. 
[0043] The shock absorbing member of the invention 
uses a resin molding material comprising a thermoplas- 
tic resin and fibers such as glass fibers or the like as 

35 main components. 

[0044] Especially, as the resin molding material, it is 
preferred to use a resin molding material having a total 
length of 3 to 1 00 mm, preferably 5 to 50 mm and com- 
prising only fiber-reinforced thermoplastic resin pellets 

40 containing 1 0 to 90 % by weight of fibers having a length 
equal to this total length and arrayed in parallel to one 
another or a mixture of the pellets and other pellets con- 
taining 1 0 to 60 % by weight, based on the whole, of the 
above-mentioned fibers. The other pellets herein are 

45 usually fibers containing the same thermoplastic resin 
or this resin and various additives. The selection of this 
preferable resin molding material pellets can easily pro- 
vide a melt-kneading resin excellent in melt-swelling 
property within an injection-molding mold cavity. 

so [0045] When the fiber content in the fiber-containing 
thermoplastic resin herein is less than 10 % by weight, 
the melt-swelling property is insufficient, and effects of 
improving properties of fibers, such as strength, rigidity 
and the like, cannot be expected. Further, when it ex- 
55 ceeds 60 % by weight, melt-kneading property and dis- 
persibility of fibers are decreased, and stability of qual- 
ities such as injection moldability, swelling property, ap- 
pearance of a molded product, uniformity and the like is 
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sometimes decreased. 

[0046] The thermoplastic resin used in the invention 
is not particularly limited, and those mentioned above 
are available. Further, these thermoplastic resins can 
contain, as required, acid-modified polyolefin resins 
which are modified with unsaturated carboxylic acids 
such as maleic anhydride, fumaric acid and the like or 
derivatives thereof and further, shock resistance im- 
provers such as elastomers or the like, stabilizers, anti- 
static agents, weathering agents, light stabilizers, color- 
ants, short fibers, fillers such as talc and the like, and 
so forth. 

[0047] Moreover, the fibers can be selected, as re- 
quired, from the above-mentioned in view of properties 
required of the shock absorbing member. Among oth- 
ers, glass fibers, carbon fibers, metallic fibers and the 
like are preferable because they are excellent in 
strength, rigidity and heat resistance, are long fibers, 
make easy the draw-molding by dipping in a molten res- 
in and have swelling property. Glass fibers are used es- 
pecially preferably. 

[0048] As the glass fibers herein, glass fibers such as 
E-glass, S-glass and the like, having the average fiber 
diameter of 25 u.m or less, preferably 3 to 20 um can 
pref rably be employed. When the diameter of the glass 
fib rs is less than 3 um, the glass fibers are incompatible 
with a resin in production of pellets through the draw- 
molding by dipping in a molten resin, and the dipping in 
a resin becomes difficult. Meanwhile, when it exceeds 
20 u.m, the appearance is decreased, and the fibers tend 
to less flow and to be broken or damaged in the melt- 
kneading. When pellets are produced by the draw-mold- 
ing method or the like using the thermoplastic resin and 
the glass fibers, it is advisable that the glass fibers are 
surface-treated with a coupling agent and then bundled 
with a bundling agent in the range of 100 to 10,000 fib- 
ers, preferably 150 to 5,000 fibers. 
[0049] The coupling agent can be selected, as re- 
quired, from ordinary coupling agents such as so-called 
silane coupling agents and titanium coupling agents. 
For example, amino silanes and epoxy silanes such as 
y-aminopropyltriethoxysilane, N-p-(aminoethyl)-y-ami- 
nopropyltrimethoxysilane, y-glycicloxypropyrtrimethox- 
ysilane, p-(3,4-epoxycyclohexyl)ethyltrimethoxysilane 
and the like can be employed. Especially, the aminosi- 
lane compounds are preferably employed. 
[0050] As the bundling agent, for example, urethane, 
olefinic, acrylic, butadiene and epoxy bundling agents 
can be employed. Of these, urethane and olefinic bun- 
dling agents can preferably be employed. With respect 
to the urethane bundling agent of these, one-pack types 
such as an oil modification type, a moisture-curing type, 
a block type and the like and two-pack types such as a 
catalyst-curing type, a polyot-curing type and the like 
can both be usually employed so long as a polyisocy- 
anate obtained by a polyaddition reaction of a diisocy- 
anate compound and a polyhydric alcohol is contained 
at a ratio of 50 % by weight or more. On the other hand, 



as th olefinic bundling agent, a modified polyolefin res- 
in modified with unsaturated carboxylic acids or deriva- 
tives thereof can be employed. 

[0051] The fiber-containing resin molding material 

5 used in the production of the shock absorbing member 
of the invention is not particularly limited so long as it 
has melt-sweliing property. However, fiber-reinforced 
resin pellets reinforced with glass fibers by dipping glass 
fibers bundled with the bundling agent in a thermoplastic 

10 resin by adhering are preferably used. As a method in 
which glass fibers are dipped in a thermoplastic resin by 
adhering, a method in which a fiber bundle is passed 
through a molten resin to dip the fibers in the resin, a 
method in which a fiber bundle is passed through acoat- 

15 jng dye for dipping, a method in which a molten resin 
adhered around fibers is spread and a fiber bundle is 
dipped therein by a die, and the like can be employed. 
In this case, in order to make the fiber bundle compatible 
with the resin or improve wettability, a draw-molding 

zo method can be employed in which a fiber bundle ten- 
sioned is drawn by being passed through an inside of a 
die having raised and depressed portions on an inner 
periphery to dip the fiber bundle in the molten resin and 
a step of thereafter pressing the fiber bundle with a pres- 

25 sure roller is further employed. By the way, when the 
glass fibers and the molten resin are well compatible 
with each other and have good wettability, the glass fib- 
ers are easily dipped in the molten resin to expedite the 
production of the pellets. Therefore, a step of bundling 

30 the fibers with the bundling agent can sometimes be 
omitted. As a method in which these are rendered com- 
patible with each other, a method in which polarity is im- 
parted to a resin or a method in which a functional group 
reactive with a coupling agent is grafted on surfaces of 

35 glass fibers is effective. 

[0052] When the long fiber bundle (strand or the like) 
dipped in the resin by the foregoing method is cut along 
the longitudinal direction of the fibers, fiber-reinforced 
resin pellets containing long fibers having a length eq ual 

40 to the total length of the pellets can be obtained. At this 
time, the resin pellets may be not only pellets obtained 
by cutting a resin-containing long fiber bundle stranded 
and having a nearly circular sectional shape but also 
pellets obtained by cutting to a predetermined length a 

45 resin-containing long fiber bundle which is formed into 
a sheet, a tape or a band by arraying fibers in parallel. 
[0053] Further, the fiber-containing thermoplastic res- 
in molding material preferably used in the process for 
producing the shock absorbing member of the invention 

so js, as mentioned above, preferably the fiber-reinforced 
thermoplastic resin pellets produced through the draw- 
molding by dipping in the molten resin, having the total 
length of 3 to 1 00 mm, preferably 5 to 50 mm and con- 
taining 10 to 90 % by weight of the fibers having the 

55 length equal to this total length and arrayed in parallel 
to one another or the mixture of the above-mentioned 
pellets and other pelt ts containing 10 to 60% by weight, 
based on the whole, of the foregoing fibers. 
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[0054] Wh n the fiber-reinforced thermoplastic resin 
pellets containing 10 to 90 % by weight, based on the 
whole, of the fibers arrayed in parallel to one another 
are used, the glass fibers are hardly broken even in plas- 
ticization, melting and kneading with a screw of an in- 
jection-molding machine because they are dipped in 
and coated with the molten resin, and the dispersibility 
is also good. Consequently, a spring back phenomenon 
of the fiber-containing thermoplastic resin after injected 
into a mold cavity becomes good, and the length of the 
fibers remaining in the final molded product is increased. 
Thus, properties and surface appearance are improved. 
When the mixture with other pellets are used herein, 
there are merits that the amounts of the glass fiber-re- 
inforced thermoplastic resin pellets having a high con- 
centration are decreased which is economical and the 
fiber content in the molded product and the melt viscos- 
ity can be adjusted. 

[0055] Next, an example in which a polypropylene 
resin is used as a thermoplastic resin and glass fibers 
as fibers is specifically described. Ml (melt index) of the 
polypropylene resin is not particularly limited. Ml (meas- 
ured at a temperature of 230°C under load of 2.16 kg 
according to JIS K7210) as a whole is 5 to 1,000 g/10 
min, preferably 1 0 to 600 g/1 0 min. A resin molding ma- 
terial made of glass fiber-containing polypropylene resin 
master pellets, especially a mixture of the foregoing 
glass fiber-reinforced polypropylene resin pellets and 
the polypropylene resin pellets is usually employed. Ac- 
cordingly, with respect to the polypropylene resin pellets 
and the polypropylene resin pellets for dilution of glass 
fibers in the glass fiber-containing polypropylene resin 
master pellets, pellets different in Ml can freely be used 
naturally, and can be determined, as required, in con- 
sideration of a size, use and the like of an automobile, 
properties of the shock absorbing member such as 
bending strength, bending rigidity, shock resistance, 
heat resistance, dimensional stability to heat and the 
like, and moldability. 

[0056] However, in the shock absorbing member of 
the invention, it is required that the mold cavity in the 
molding is relatively thin, the glass fibers having a rela- 
tively long fiber length are contained and moldability, 
namely, melt flowability is good. Consequently, with re- 
spect to Ml of the polypropylene resin for dilution, a poly- 
propylene resin having relatively high Ml of 30 to 1 ,000 
g/1 0 min, preferably 40 to 800 g/1 0 min can be selected 
as required, in the ordinary injection molding, when this 
polypropylene resin having the high Ml was used in con- 
sideration of flowability of a molten resin, shock resist- 
ance was notably decreased, and this was not practical. 
Thus, the upper limit of Ml was naturally restricted. 
[0057] In the shock absorbing member of the inven- 
tion, Ml of the polypropylene resin can be relatively high- 
er than Ml in the ordinary general injection-molding 
method, that is, the molecular weight can be d creased 
much to improve moldability. Besides, quite satisfactory 
properties such as strength, heat resistance and the like 
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as the shock absorbing member of the invention which 
is lightweight though can be provided by the presence 
of the glass fibers, the entanglement of the glass fibers, 
the random distribution of the glass fibers, the formation 

5 of the dense surface layer, the formation of pores by the 
fibers and the resin and the like. Further, the excellent 
appearance is provided without sinkmark and warpage. 
[0058] In case of, for example, the polypropylene res- 
in used in the invention, a homopoly propylene resin, or 

10 for shock resistance, a block copolymer of propylene 
and other olefins and a random copolymer of propylene 
and less than some percent by weight of other olefins 
are preferable. For further improving shock resistance, 
it is also possible to contain a thermoplastic resin elas- 

15 tomer or an amorphous or low-crystallinity polypropyl- 
ene resin as required. 

[0059] Examples of the thermoplastic elastomer here- 
in include olefinic elastomers such as an ethylene-pro- 
pylene copolymer elastomer (EPR), an ethyl- 

20 ene-butene-1 copolymer elastomer, an ethylene-oc- 
tene-1 copolymer elastomer, an ethylene-propyl- 
ene-butene-1 copolymer elastomer an ethylene-propyl- 
ene-diene copolymer elastomer (EPDM), an ethyl- 
ene-propylene-ethylidenenorbornene copolymer elas- 

25 tomer, soft polypropylene, a soft polypropylene copoly- 
mer and the like. In case of the ethylenic elastomers of 
these, the ethylene content is usually 40 to 90 % by 
weight. As the elastomers, those having a Mooney vis- 
cosity (ML 1+4 100) of, usually 5 to 100, preferably 1 0 to 

30 60 are used. 

[0060] Further, examples of the styrenic elastomers 
can include a styrene-butadiene copolymer elastomer, 
a styrene-isoprene copolymer elastomer, a styrene- 
butadiene-isoprene copolymer elastomer, a sty- 

35 rene-ethylene-butylene-styrene copolymer elastomer 
(SEBS) and a styrene-ethylene-propylene-styrene co- 
polymer (SEPS) which are obtained by hydrogenating 
these copolymers completely or partially, and the like. 
As the elastomers, those having melt index (Ml) [meas- 
40 ured at 200°C under load of 5 kg according to JIS 
K7210] of 0.1 to 120 g/10 min, preferably 8 to 100g/10 
min are used. 

[0061 ] Next, as the glass fibers, those having various 
fiber lengths are used , and the weight average glass f ib- 

45 er length in the molded product as the shock absorbing 
member of the invention is in the range of 1 to 20 mm, 
especially 2 to 15 mm. Accordingly, so long as the 
weight average fiber length of the glass fibers in the 
molded product secures this range, the molding material 

so is not particularly limited. However, in order to maintain 
the glass fiber length in the molded product at at least 
a certain level, it is generally preferred, as stated earlier, 
to use the glass fiber-reinforced thermoplastic resin pel- 
lets of which the total length is 3 to 100 mm, preferably 

55 5 to 50 mm and in which the glass fibers having th 
length equal to this total length are arrayed in parallel to 
one another and the glass fiber content is 1 0 to 90 % by 
weight. 



7 



E D 1 130279 A 1_LI_> 



13 



EP 1 130 279 A1 



14 



[0062] The f iber (glass)-containing thermoplastic res- 
in molding material used to produce the shock absorb- 
ing member of the invention can be molded into the 
shock absorbing member in which the average porosity 
of the plate portion is 5 to 90 % by an inflation phenom- 
enon owing to recovery of entanglement of the fibers 
(glass) present in the melting. By the way, the shock ab- 
sorbing member of the invention may contain pores 
even in the lattice rib portion other than the plate portion. 
Accordingly, the shock absorbing member of the inven- 
tion is substantially achieved by the inflation phenome- 
non due to recovery of resilience (spring back) in mold- 
ing the fibers (glass). Nevertheless, a small amount of 
a foaming agent can be used to aid in inflation. The 
foaming agent herein is not particularly limited. Exam- 
ples thereof include chemical foaming agents that gen- 
erate a gas through decomposition with heat at melting 
temperatures of respective resin starting materials, 
such as azodicarbonamide (ADC A), benzenesulfohy- 
drazide, N.N-dinitropentamethylenetetramine, tereph- 
thalazide and the like, and physical foaming agents such 
asp ntane, butane and the like. 
(0063] These foaming agents can usually be added 
as a masterbatch of a foaming agent and a thermoplas- 
tic resin. The amount of the foaming agent is usually 
0 01 to 1 part by weight, preferably 0.05 to 0.5 part by 
weight per 1 00 parts by weight in total of the glass fiber- 
reinforced thermoplastic resin pellets and the thermo- 
plastic resin pellets for dilution. The amount of the foam- 
ing agent added is indeed for supplementary use to se- 
cure the inflation in the initial increase of the capacity of 
the mold cavity, and it can be determined, as required, 
in consideration of the inflation by the glass fibers. When 
the amount of the foaming agent herein is as large as 
in the general foam-molding, a gas tends to be leaked 
on the surface of the molded product to provide poor 
appearance such as occurrence of silver or the like. 
[0064] Next, a process for producing the shock ab- 
sorbing member of the invention is described by refer- 
ring to the drawings. Fig. 5 is a conceptual view of a 
main part of a mold for molding a shock absorbing mem- 
ber, showing a fiber-containing molten resin when injec- 
tion-filled. Fig. 6 is a view when a step of inflation by 
widening a mold cavity is completed. 
[0065] In Figs. 5 and 6, 21 is a fixed mold, 22 a mov- 
able mold, 23 a spacer, 24 a spring, 25 an injection noz- 
zl 26 a hot runner, 27 a gate, 28 a mold cavity, 29 a 
plate portion, 30 a lattice-form rib, 31 a gas injection 
tube, 32 a gas exhaust tube, and 33 a shock absorbing 
member respectively. For molding the shock absorbing 
member of the invention, as is clear from Fig. 5, it is 
required that the capacity of the mold cavity 28 can be 
changed. Usually, the thickness of the cavity in the 
opening/closing direction of the mold can be changed. 
That is, an injection-molding machine having a function 
to reciprocate the movable mold 22 is used. As this in- 
jection-molding machine, a molding machine that ena- 
bles injection compression molding or a general injec- 



tion-molding machin equipped with a movable mold 
moving device is generally used. 
[0066] In the production of the shock absorbing mem- 
ber of the invention, as shown in Fig. 5, clamping is con- 
s ducted such that the movable mold 22 advances toward 
the fixed mold 21 . By this clamping, the spacer 23 push- 
es the spring 24 to construct a mold surface of the moid 
cavity 28. Then, a fiber-containing molding material not 
shown is melt-kneaded, plasticized and weighed with a 
10 screw, and injection-filled in the mold cavity 28 via the 
injection nozzle 25, the hot runner 26 and the gate 27. 
In this case, injection compression can also be em- 
ployed in which the capacity of the mold cavity is in- 
creased by the initial clamping to make the amount of 
is the injection resin less than 2/3 of the capacity of the 
mold cavity, and the movable mold 22 advances again 
after the start-up of injection-filling to compress the mol- 
ten resin and fill the same in the overall mold cavity. 
[0067] In this injection compression, the injection res- 
20 in pressure is low, and the orientation of the resin and 
the fibers less occurs or does not occur substantially. 
Further, by employing the injection compression, filling 
can easily be conducted even when the space of the 
mold cavity is small. At any rate, by the injection filling 
25 or the injection compression filling, cooling of the sur- 
face portion of the molded product is started by the mold , 
and even fine raised and depressed portions on the sur- 
face of the mold are completely transferred. 
[0068] After the surface is cooled to some extent to 
30 form the skin layer, the movable mold 22 is, as shown 
in Fig 6 inflated by being retreated up to the position 
of the space of the mold cavity which is the thickness of 
the plate portion of the molded product. At this time, the 
spacer 23 remains pressed against the fixed mold by 
35 the spring 24. That is, in the example shown, the outer 
peripheral wall of the molded product remains injection- 
filled and shaped, and is not influenced by the retreat of 
the movable mold. Subsequently, the shock absorbing 
member is formed by cooling, and withdrawn by opening 
40 the movable mold 22. Incidentally, the compression in 
the injection compression molding step can be control- 
led by controlling the position of the space of the mold 
cavity and by the compression force. 
[0069] Although the process for producing the shock 
45 absorbing member of the invention is basically the fore- 
going process, a nitrogen gas or the like can be injected 
from the gas injection tube 31 after starting the retreat 
of the movable mold 22. The injection of the gas aids in 
the inflation by the glass fibers, and contributes toward 
so further improving mold transferability and appearance 
by pressing the molded product against the mold sur- 
face after the inflation. 

[0070] Further, the cooling of the plate portion can be 
prompted by exhausting an injection gas from a gas ex- 
55 hausttub 32 while controlling a pressure of the injec- 
tion gas to a certain level as required and circulating the 
gas within the molded product. This makes it possible 
to cool the molded product from the inside thereof m- 
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stead of such an inconvenience that the moldec! product 
heat-insulated by the formation of pores has to be 
cooled with the mold, and greatly contributes toward im- 
provement of the molding cycle. Incidentally, although 
the injection gas is not particularly limited, an inert gas 
such as a nitrogen gas, an argon gas or the like is pref- 
erably used. Further, the gas pressure is selected in the 
range of 0.01 to 20 MPa, preferably in the range of 0.1 
to 5 MPa. 

[0071 ] Moreover, the gas is usually a gas of room tem- 
perature. A cooling gas having a temperature of 15°C 
or less, preferably 0°C or less can also be employed. At 
this time, when a liquid such as volatile water or the like 
is entrained, a cooling efficiency is more improved. The 
gas can be injected into the fiber-containing molten resin 
from a gas nozzle formed within a nozzle of an injection 
device for plasticizing and injecting the molten resin or 
a gas nozzle or a gas pin opened in any of a sprue, a 
runner and a cavity formed inside the mold. It is pre- 
ferred to inject the same from, among these, a gas pin 
formed in the mold. 

[0072] By the way as the movable mold, besides a 
mold in which the whole main part of the plate portion 
of the shock absorbing member is retreated and inflated, 
a mold having a portion that is not retreated as required, 
and a mold that is retreated at multiple stages are also 
available. In this case, in the plate portion, the porosity 
after inflation of respective portions can be changed by 
partially changing the thickness in the injection-filling. 
Further, a metallic member for installation can also be 
inserted in an installing portion. Still further, in an auto- 
mobile door trim or the like, skin integral molding can 
also be conducted in which a skin material such as a 
soft resin, a thermoplastic elastomer a synthetic leather, 
a woven fabric, a nonwoven fabric or the like is partially 
arranged on a necessary portion of a mold. 
[0073] Moreover, in the foregoing molding example, 
the lattice rib was disposed on the movable mold. Ac- 
cordingly, in order to avoid the decorative surface in the 
injection of the resin to the cavity, the gate was provided 
at the end, and a hot runner-type mold was therefore 
used. However, it is also possible that a movable moid 
moving device is disposed on the side of the fixed mold. 
In this case, when a movable mold moving device hav- 
ing a penetration hole is used, the decorative surface 
can be placed on the side opposite to the side of the 
fixed mold, and the molding can be conducted from the 
rev rse surface with a direct runner. 
[0074] The shock absorbing member of the invention 
is not limited in its use mode. That is, it is considered 
that the plate portion and the lattice rib are integrated to 
make use of strength, rigidity and the like of the plate 
portion. Nevertheless, it is preferably used in an auto- 
mobile interior member requiring good appearance, es- 
pecially an automobile door trim or the like. Examples 
of the automobile internal material can include, other 
than the door trim, an arm rest, a pillar, a side garnish, 
a dash board, a console box and the like. 



[0075] The effects of th invention ar described be- 
low by referring to specific Examples. However, the in- 
vention is not limited to these Examples at all. 

5 [Example 1 ] 

[0076] Glass fiber-reinforced polypropylene resin pel- 
lets (containing 3 % by weight of maleic anhydride-mod- 
ified polypropylene: Ml = 30 g/10 min) in which the glass 
10 fibers (diameter: 13 ujti) were arrayed in parallel, the 
fiber content was 30 % by weight and the length was 1 6 
mm were used as a resin molding material. In an injec- 
tion-molding machine, a screw having a clamping force 
of 1 ,000 t and a compression ratio of 1 .8 for minimizing 
15 breakage of glass fibers was used. It is an injection- 
molding apparatus having a mold structure fitted with an 
IPM unit (Idemitsu Petrochemical Co., Ltd.) for recipro- 
cating a movable mold in order to change a capacity of 
a mold cavity. By the way, the mold was fitted with an 
20 equipment for injecting and exhausting a nitrogen gas 
into and out of the cavity. 

[0077] A mold had a size of 1 ,000 mm x 700 mm x 
variable thickness, and lattice-form ribs had a height of 
50 mm, a thickness of 2 mm and a rib spacing of 50 mm. 
25 [0078] After the molding material was melt-kneaded, 
pfasticized and weighed, the molten resin (resin temper- 
ature: 240*C) was injected into the mold cavity clamped 
such that the thickness of the plate portion of the mold 
cavity reached 3 mm. As soon as the injection was com- 
30 pleted, the movable mold was advanced to compress 
the molten resin for 3 seconds (800 t) and completely 
fill the same. At this time, the space of the moid cavity 
was approximately 1 mm. Immediately after the comple- 
tion of the compression, the movable mold was retreat- 
35 ed such that the space of the mold cavity reached 3 mm, 
and the molten resin was swelled. After the movable 
mold started retreating, a nitrogen gas of 3 MPa was 
injected from a gas injection pin for 10 seconds. The 
molded product was cooled, and the movable mold was 
40 then opened to withdraw the shock absorbing member. 
The weight average fiber length of the glass fibers in the 
molded product was 4.1 mm. 

[0079] In the plate portion of the molded product, the 
molten resin corresponding to a thickness of 1 mm was 
45 only used as in Comparative Example 1. The molten 
resin was swelled to a thickness of approximately 3 mm, 
and the weight was substantially unchanged. However, 
the decorative surface of the molded product was free 
from sinkmark and occurrence of warpage as a whole. 
so Thus, appearance was excellent. Further, the resin was 
completely filled even in the end of the rib of the molded 
product, and rigidity was provided as a whole. Thus, the 
lattice rib cushioned shock. 

[0080] The resulting shock absorbing member was 
55 mounted on an iron plate with the flat surface up, and a 
steel ball having a diameter of 200 mm was collided 
against the same at a collision rate (7 m/s) to evaluat 
the shock absorbing property. As a result, the maximum 
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load was 3 tons or more. Further, the deformation 
amount was 45 mm, and the lattice portion was not com- 
pletely destroyed and could fully endure shock. 

[Example 21 

[0081 ] A shock absorbing member was molded in the 
same manner as in Example 1 except that in the size of 
the lattice rib of the mold, the height was 50 mm, the 
thickness was 1 .5 mm and the rib spacing was 25 mm. 
Incidentally, the weight average fiber length of the glass 
fibers in the molded product was 3.8 mm. The shock 
absorbing member was excellent without sinkmark and 
warpage as in Example 1 . The shock absorbing property 
was evaluated as in Example 1 . Consequently, the max- 
imum load was 2 tons or more. Further, the deformation 
amount was 30 mm, and the lattice portion was not com- 
pletely destroyed and could fully endure shock. 

[Comparative Example 1] 

[0082] A shock absorbing member was molded as in 
Example 1 except that a step of inflation by retreating a 
movable mold after compression of a molten resin was 
not conducted. In a decorative surface of the shock ab- 
sorbing member, sinkmark was observed in the rib por- 
tion, and warpage deformation was observed as a 
whole. 



[Comparative Example 2] 

[0083] A shock absorbing member was molded as in 
Comparative Example 1 except that a polypropylene 
resin (Ml = 30 g/10 min: 230°C, load 2.16 kg) containing 
20 % by weight of talc (average particle diameter: 3.2 
um) was used as a molding material and a mold was 
clamped such that a space of a mold cavity of a plate 
portion reached 2 mm. Although the thickness of the 
plate portion was 2 mm, large sinkmark occurred on the 
decorative surface of the shock absorbing member. 
Warpage deformation was not observed in the product, 
but the weight was increased. 

[Comparative Example 3] 

[0084] A shock absorbing member was molded as in 
Comparative Example 2 except that a space of a cavity 
of a plate portion was set at 1 mm. Sinkmark and warp- 
age deformation were generated on the decorative sur- 
face of the shock absorbing member, and the resin could 
not be filled in the end of the rib. 

Industrial Applicability 

[0085] The shock absorbing member of the invention 
is excellent in appearance and dimensional stability 
without sinkmark on a decorative surface and warpage 
on a plate portion. Besides, strength and rigidity can be 



secured without increasing the w ight of the plate sur- 
face, and a shock absorbing effect is provided by lattice- 
form ribs. Consequently, it can be applied to an automo- 
bile interior member, especially a door trim or the like. 

5 Further, in comparison with an ordinary case in which a 
door trim and a shock absorbing member are separately 
produced, assembled and combined, productivity and 
economics are excellent because molding can be con- 
ducted by integral injection molding. In addition, it is de- 

10 manded as a shock absorbing member. 



Claims 

is 1. A shock absorbing member which is an integrally 
molded product comprising a plate portion and lat- 
tice-form ribs on a reverse surface of the plate por- 
tion and formed of a fiber-containing thermoplastic 
resin, an average porosity of the plate portion being 

20 5 to 90%. 

2. The shock absorbing member as claimed in claim 
1 1 wherein the fiber content is 1 0 to 60 % by weight, 
and the weight average fiber length is 1 to 20 mm. 

3. The shock absorbing member as claimed in claim 
1 or 2, wherein the thickness of the lattice rib is 0.5 
to 3 mm, the lattice spacing is 1 0 to 80 mm, and the 
height is 5 to 100 mm. 

4. The shock absorbing member as claimed in any of 
claims 1 to 3, wherein the fibers are glass fibers, 
and the thermoplastic resin is a polypropylene res- 
in. 



25 
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50 
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The shock absorbing member as claimed in any of 
claims 1 to 4, which is obtained by injection-molding 
a resin molding material comprising fiber-reinforced 
thermoplastic resin pellets having a total length of 
3 to 100 mm and containing 10 to 90 % by weight 
of fibers having a length identical to this total length 
and arrayed in parallel with one another. 

An automobile interior member formed of the shock 
absorbing member as claimed in any of claims 1 to 
5. 

An automobile door trim formed of the shock ab- 
sorbing member as claimed in any of claims 1 to 5. 
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